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(54) RMaUetube 

<57) A toldable IUm comprises a waD in wtiich at 
least three elongate relatively f iexble areas are present, 
which areas form plastic hinges which define a wall seg* 
mem that can k>e folded inwardly to bring the tube into a 
contracted shape. 
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Description 

Background of the ^yention 

[0001] TheinventwnrdatestoafoldabletUbean^ 
a method for placing 8uch a tite in a tubular ca\% 
[0002] It is KrKwm to fold flenble hoses into a flattened 
shape in Older to fiudilate easy stomge. for exanrpte l3y 
reeling ttie flattened hose around a small diameter reei- 
ing drum. 

[0003] rt is also known to insert wen tulxiteTB in a con- 
tracted position into a welbore and to expand the tubu- 
\m downhoie at the \oca6on where the tutxdar is to t)e 
used. Soviet patent 8pecificatk3n SU-633825 cfiscksses 
the use of an initially oomigated tut>e whch is expanded 
dawnhda Mo a mbUar shape. International patent 
appficalkn pUbllcafion Na WO 97/06345 dsctoses the 
use of a flodile weO tUftto whfcii is lokled Md a kklney 
shape during its descent through the weObore and 
whk:h is inflated downhoie to taring the tUbUar into a 
cySndrical shape, whereafter the tiixiar is polymerised 
to provide a wed casing. This known tubUv has an Y- 
shape and serves to provide a seal at the iunctk)n 
betMeen a main weU and a branch well Disadvantages 
of these loKiwn expandable oonrugated end flexMe fold- 
able tubes are that they need to be relatively thin to 
aRow an easy eJ9)ansion within aborehole or other cav- 
ity and that the shape of the unfoUed tube is not wen 
dotfined. 

[0004] It is an object of the present inventnn to allevi- 
ate the disadvantages of the known fokiable tubes and 
to provMe a foldable tU>e which can be foMed and 
unfolded relatively easily but wNch generates an 
expmled tiibe wtvch is robust and whk:h has a wen 
defined tubular shape. 

Smnanrtf the Invention 

(OOOq The foldable tube accorcfing to the invention 
oonprises a tubular wan having at least three etongate 4o 
relativeiy flexUe areas where the waH is more flextjie 
than other areas of the wall, whch areas are oriented in 
a substanSalty paraRel direction relative to each other 
along at least a subslantel part of the length of the tube 
so that in use saM areas form plastic hinges which 45 
deTme a waB segment that is inwardly foldable to bring 
the tube into a contracted shape. 
[0006] An advantage of the use of plasSc hinges in 
accordance wrth the present inventton is that they kxk 
the unfoUed tube in its tubular shape and that the tube 60 
can be made cheaply by aeating the plastic hinges in 
the wall ol a tube which has« apart from the firiastic 
hinges, a similar wall strength and thnkness as a con- 
ventional tube thai wouki normaDy be used in the same 
situation. ® 
[0007] It is preferred that sakf relatively nexble areas 
are formed by trough-shaped grooves in the wall ol the 
tube. whk:h grooves are orierHed in a parallel or heGcal 



direction relative to a k}ngitudinal axis of the tube. 
[0008] Alternatively the relatively weak areas are 
fonned by mutually parallel axial or helicd rows of 
holes. These holes may pass through the wan of the 
5 tube or extend only partiaRy into the outer Cf inner sur- 
face of the wafl of the tube. 

[0009] It is also preferred that at least one set of four 
grooves is arranged in the wan of the tube such that 
each set of tour grooves defines a tube segment that 
10 can be fokled as a U-shaped recess inwardly into the 
tuba The sides of sakf l>«haped recess miqf even be 
foUed towards each other in a delta-shape and the tips 
of the recess may be brazed together to fix the tube in 
its fokfed shape untfl a relatively low tension force is 
15 exerted to the brazed joint 

IQOIOl The tube can be folded to a high degree of con- 
tradicn if two sets of four grooves are ananged sym- 
meblcaly at opposite skSes of the tube such that upon 
fbkfirig of the tube two delta- or U-shaped recesses are 
20 fonned at opposrtoskfes Of tfietobe. 

[0011] If the tube needs to be foktable to a less high 
degree of contradton then a single groo/e or a plastic 
Nnge fonned by a tubule may be arranged at one skle 
arvl a set of four grooves at an opposite side of the inner 
2S wanofthetube. 

[0012] The latter embodonent of the tube aocorcfing to 
the invention can be used as a wen liner at the junctxjn 
between a main wen and a branch weU if a branch tube 
is secured around a window in the wal of the tite 
30 t)etween said single groove and an adjacent groove of 
sakl set ol four grooves at saM oppostto skie of the tube. 
[0013] In that case the tube is towered thnxigh the 
main well towards lhe junctxxi after fc^ng the tut>e into 
its contracted shape. At the Junctnn the tube is then 
otpanded such that the branch tube is pustied into the 
entrance of the branch weB. 

10014] The tube acxxxtfing to the present inventton 
can be made of any materiid whch is plasticany defomv 
able such that the tube does not break as a result of the 
fokftig and unfokfng operations. 
[0015] Suitable materials are steel, in partkailar form- 
able steel grades such as high strength tow aBoy steels 
and dual phase steels, and plastic materials such as 
potypropyiene and polyvinylchloride. 

Bri^yf riflMriptinn of the drawings 

10016] The invention win be described in more detail 
and by way of example with reference to the accompa- 
nyffig drawings, in wfiich 

Fig. 1 is a cross-axial sectional view of a foUaUe 
tube according to the inventton which comprises 
two sets of four grooves in the inner wsdl of the tube; 
Fig. 2 shows the tube of Fig. 1 at a somewhat 
rectoced scale wherein the tube is fbtoed into its 
contracted shape such that two U-shaped recesses 
are formed at opposite sides of the tube: 
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Fig. 3 is a aos$-a»al sectional view of an ahema- 
tive entxxfiment of the foldabte U)e according to 
the present tnventksn wherein a single groove is 
present at one side and a set of four grooves is 
present at an opposite side of the tube; 
Rg. 4 shows the tube of Fig. 3 at a somewhat 
reduced scale wherein the tube is folded into its 
oontraded shape sudh that a U-shaped recess is 
tornied at the upper side of the tube; 
Fig. 5 is a aoss-axial sectional view of a foldafale 
tube according to the invention inside a weB 
wherein the tube is provided witti a branch tii>e 
which is inserted into the entrance of a branch wefl 
upon downhole expansion of the foidable tU>e; 
Fig. 6 is a aoss-axia! sectional view of a toldable 
tube aocoiding to the present invention with a U- 
shaped recess at one side and a hinge provided by 
a tubule at the other side; 

Fig. 7 is a cross-axial sectional view of a foldable 
tube according to the invention wtiich oonprises 
three axial grooves at one side of the tut>e; 
Fig. 8 is a aoss-axiat sectional view of a foldable 
tube aocoiding to the present invention where the 
folded tube and the U-shaped recesses have a 
delta-shape; and 

Rg. 9 is a cross^axial sectional view of a foldable 
tube according to Ihe present invention where 
delta-shaped recesses are present at both sides of 

the tube. 

Detailed desc ription off the invention 

[00171 Referring to Fig. 1 there is shown a foldable 
tube 1 whteh oonprises two sets of axial trough-shaped 
grooves 2-9 in the inner wan of the tube 1 . 
100181 Rg.1 shows the tubal in hB unfolded cylindri- 
cal shape and the grooves 2-9 each have a simaar 
depth and width. One set of four grooves 2-5 has been 
machined into the inner wall at the upper side of the 
tube 1 and the other set of four grooves 6-9 has been 
machined into the inner wan at the low^ side of the tii>e 
1. such that ttte two sets of grooves 2-5 and 6-9 are 
synvnetricaS relative to each other. The distances 
between the grooves 2 and 3, the grooves 4 and 5. the 
grooves 6 and 7 and the grooves 8 and 9 are equal to 
each other. 

[0019] Furthenrore the distance between the grooves 
3 and 4 is equal to the distance between the grooves 7 
and 8 and the dtstarve between the grooves 2 and 9 is 
equal to the distance between the grooves 5 and 6. 
[0020] The symmetrical anrangement of two sets of 
four grooves 2-S and 6-9 enables the tube 1 to be folded 
such that the wall segments between the grooves 3 and 
4, 7and8. 5and6and2and9are moved inwardly 
towards tfte centre 11 of the tube 1 as iiUistrated kyy 
arrows 10 and the tube 1 obtains its contracted shape 
as is shown in Fig. 2. 

[0021] Fig. 2 shows how the relatively thin parts of the 



tube 1 adjacent to the grooves 2-9. where the wall thick- 
ness is smaller than the wall thicfoiess of other parts of 
the tube 1 . act as plastic hinges during the folcfing pro- 
cedure. 

5 [0022] As a result of the hinging action the grooves 3. 
4 and 7 and 8 open up whereas the grooves 2. 5. 6 and 
9 are largely closed so that a first U-shaped recess 1 2 is 
fornied at the upper side of the tube 1 and a second U- 
shaped recess 13 is formed at the lower side of the tube 
10 1. The folded tube 1 shown in Rg.1 has the shape off a 
rivet wfich has a sigrtficantly smaller outer width than 
the inner width off the unfolded tube shown in Rg. 1. 
Therefore the folded tube can be moved easily through 
the bore of a conduK or underground weH. even through 
15 narrow passages formed by valves and sharp arva- 
tures. 

[Q023] Fig. 3 shows an alternative embodiment of the 
Ibldable tube aocw di ng to the invention in wNdi the 
tube 15 comprises a single axial groove 16 at the lower 
20 side of the tube 15 and a set off four axial grooves 17. 
1 8. 1 9 and 20 at the upper side of the tube 1 5. 
[0024] The grooves 16 and 17 and 20 have been 
macNned in the inner vvaO of the tube 15 and the 
{^ooves 18 and 19 have been machined in the outer 
25 was of the tube 15. 

10025] The relatively thin wall parts of the tube 15 
acfaoenttothe grooves 16^ fonnwafl areas which are 
moreftaxUettanolherpartsof the tube 15. The groove 
pattern shown in Rg. 3 allows the waB segment 
30 bebveenthegrooves17Bnd20tobefoldedinw8rdlyin 
thedrectionofanQw21 such that the tube 15 obtains 
the folded shape shown in Rg. 4. 
[0026] Fig. 4 shows that on folding of the tube 15 a U- 
shaped recess 22 is formed by the wan-segment of the 
ss tube 15 between the set of four grooves 17-20 at the 
vppw side of the tube 15. The two relatively big wall 
segments of the tube 15 between the groove 16 at the 
lower side and the two outer grooves 1 7 and 20 at the 
upper side of the tube 15 thereby pivot towards each 
40 Other about the plastfoNnge formed the at the bottom off 
the tube 15 near the groove 16. 
[0027] Thetubel5showninFig.4canbeunfoldedby 
moving an eoqwrnsion mandrel in axial direction through 
the tube 15 and/or by inflating the tube 15. 
45 10028] The unfolded tube 15 then obtains its cylindri- 
cal shaoe as is shown in Fig. 3 and the oonf tguration of 
parallel yooves 16-20 wiR than lock the tube 15 since 
the wail segments between the grooves 16-20 form 
an:hes which win be subfect to hoop stress if the 
so hydraulic pressure outside the tube 15 is higher than the 

hydraulic pressure inside the tube 15. 
[0029] Rg. 5 shows a foldable tube 25 which is similar 
to the foldable tube 15 shown in Figs. 3 and 4 vnide a 
main wen 26 in which a well casing 27 has been 
55 cemented in plac& 

(0030] The main well 26 passes through an under- 
(Kound fbrmation 28 and a branch well 29 has been 
driHed through a window 30 in the welt casing 27 later- 
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aHy away from the main well 26 into the famation 28. 
[0031 ] The tJbe 25 i8 made of steel and comprises a 
single groove 31 at its lower side and a set of four 
grooves 32-35 at its upper side. A txanch tubing section 
36 has been welded to the watt segment of the ti^e 1 5 
between the grooves 31 and 32 around a window 37 
that has been macTvned in the wall of the tube 25. 
[0032] The tube 25 has been moved in its folded con- 
tracted posmon through the main weO 26 until the 
branch tiising section 36 is located acfjacenl to the 
entrance of the branch weQ 29. 
[0033] Then the tube 25 is expanded by an expansion 
mandrel into its cylindrical shape, which is illustrated by 
broken Ines 38 such that the branch tubing section 36 
is pushed through the window 30 in the wel casing 27 
into the branch well 29 as iHusferated by broken Ines 39 
andthearrm40. 

(0034] An elongatabrealablecomakier 41 containing 
a sealing agent is arranged within the delta-ehaped 
recess formed between the set of four 700ves 32-35 at 
the iwer side of the tube 25 which container is 
sc^ieezed between the inner wall of the well casing 27 
and the outer wal of the tube 25 if the tube is unfolded 
to Hs cyfindrlcai shape 38. The seafing agent is thereby 
squeezed into the annular space surrounding the 
unfolded tube 25 and the branch tubing segment 39 and 
provides on curing an adequate seal which also fixes 
the unfolded tube 25 and branch tub'ng section 36 
inside the main and the branch wells 26 and 29. 
[0035] Fig. 6 shows a folded tLte 41 which has a set 
of four grooves 42. 43, 44 and 45 at its upper side and a 
single tubular hinge 46 at its lower side. 
[0036] The tubular Nnge 46 provides an area where 
the wal of the tube is more flexfole than the other parts 
of the tube 41 , apart from the areas of the tube 41 adja- 
cent to the grooves 43-45. 

(0037] The tUbular hinge 46 presides moreover an 
area where the wan of the tube can be deformed in dr- 
cumferential direction during the unfbkfing procedure 
[0O381 After conpletion of the unfolding procedure the 
interior 47of the tUbUar Nnge 46 can be filled with afil- 
ing agent which provides support and fixes the tUbular 
hinge 46 in its 6xp»x5ed position. The irrterior 47 of the 
tUbitar Nnge 46 may also contain electric or hydraulic 
conduts for transmission of electric and/6r hydraulic 
power and/or signals along the length of the tube 41 . 
[0039] Rg. 7 shows an embodiment of the foldable 
tube accorcfing to the invention where the tube 50 com- 
prises at its upper side three mutually parallel axial or 
hefical grooves 51. 52 and 53 ¥vhich define three plastic 
hinges that allow the upper side of the tube SO to be 
folded inwafdiy as iHustrated by phantom Ikies 54 and 
arrows 55. 

[0040] After the upper side of the tube 50 has been 
folded inwaiifly the outer width of the lower side of the 
tube 50 can be reduced 85 iDustrated by arrows 56 by 
pufling a circumferential or hefical wire (net shown) 
around the thus folded tube 50. 



[0041] The tube 50 is then unfolded by inaeasing the 
hydraulic pressure in the interior of the tube 50 which 
brealG the wire and induces the tube 50 to unfold into its 
cylindrical shape shown in Rg. 7. 
5 [0042] Rg. 8 shows an embodiment of the foldable 
tube according to the invention where tfie folded tube 57 
has a delta-shape and cotnprises at each corner a 
delta-shaped recess 58. 

[0043] Each delta-shaped recess 58 is fontted by 
10 bending the tips of the legs of a U-shaped recess 
towards each other and each recess is defined by a set 
of four plastic Nnges 59, 60, 61 and 62 where the wall 
of the tube 57 is more flexible 9uin at other parts of the 
tube 57. 

Y5 [0044] The tube 57 is unfolded by tocreasing the 
hydrauGc pressure in the interior 63 of the tube 57 which 
causes the tube 57 to eocpand in the cfiredion of the 
amiws 64 GO that the recesses 58 are removed. By fur- 
ther Increasing the hydrauSc pressure in the Interior 63 

20 of the tube 57, the tube 57 is brought into a cyUndbrical 
shape (not shown). 

(0045) Rg. 9 shows a tube according to the inventfon 
where the tube 65 comprises a set of four axial plasti- 
cally deform^ hinges 66. 67. 68 and 69 at its t^aper 

2s side and also a set of four axial plastically deformable 
Nnges 70. 71 . 72 and 73 at its lower sida 
[P0461 Each set of four hinges 66^ and 70-73 
defines a delta-shaped recess 74 and 75. respectively. 
01047] The two hinges 66and69atthe1opoffhe 

30 folded tube 65 and also the two Nnges 70 and 73 at the 
bottom of the tUbe 65 have been brazed together. The 
thus formed brazed joints 76 and 77 aeated a seal 
t>etween the interior of the delta-shaped recesses 74 
and the exterior 78 of the tuk>e 65. 

3S [0048] The tube 65 is suitable to be used in its aius^ 
trated folded shape as a drBI pf>e where driling mud is 
pumped through the interior 79 of the tube 65 and 
through the deita-fihaped recesses 74 and 75 to adrffl 
t)it (not shown).' 

40 iq049] After a borehole section has been drilled a cas- 
ing is then aeated by inflating the tube 65 using a high 
pressure fluid or expansfon mandrel (not shown) so that 
the brazed joints 76 and 77 break open and the tube 65 
unfolds into its cyfindricat shape as Skjstrated by arrows 

45 80.Thedrillbitisthenpufledtosurtaceonawirefineor 
coiled tubing passing through the interior 79 of the 
eo9»ndedtube65. 

0)050] The tube 65 and also the tube conTiguations 
iHustrated in the other drawings can be spooled around 
so a reeling dnim in their folded shape and reeled from the 
drum into an underground borehole to pfovide a Grvng of 
the borehole waB or inside a corroded or damaged well 
tubular. 

[0051] The walls of the tube according tothehvention 
55 may comprise sieve openings of a predetermined size 
so that the tube provides a weU screen wNch is towered 
into the baehde in its folded shaped and then unfolded 
downhde by moving an expansion ffiandrel through the 
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tube or by inflating a balloon in the interior of the tube. 
The unfolding procedure does not vary the 8ie/e open- 
ing size &o that unfolded tube provides a sandsaeen 
with a well defined sie^ opening size. 

Claims 

1. A foldc^e tube oonrpristng a tubular wall having at 
least three elongate reiatively flexible areas where 
the wafl is more flexible than other areas of the wan, 
which areas are oriented in a substantialty parallel 
direction relative to each other along at least a sub- 
stantial part of the length of the tube so that in use 
said areas from plastic hinges wNch define a woP 
aegmem that is inwardly foidaUe to bring the tU)e 
nto a oontracted shapa 
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2. The toldabletiAM of daimi wherein said relatively 
fleodUe areas are formed by through-shaped 
giooves m the wall of the tube, whkh grooves are » 
oriented in a parnOel or heScat direction relative to a 
longitudinal axis of the tuba 

3. Thefoldabletubeofciaim3whereinatteastoneset 

of lour grooves is arranged in the wal of ttie tii)e 2s 
suGh that each set of four grooves defines a tube 
segment that can be folded as a delta- or U-shaped 

recess inwanfly into the tube. 



30 



The folddDle tube of dam 3 wherein two sets Of tour 
grooves are arranged symmetrically at opposite 
sides Of the tube such that if the tube Is folded into 
a contracted shape two delta- a U-shaped 
recesses are formed at opposite sides of ttie tube. 

The fokWe tube of daim 3 wherein a dnofe 
groove is ananged in the inner wal at one side of 
the tube and a set of four grooves is arranged at an 
opposite side of the inner vwaD of the tube. 

The fdldable tube of daim 5 wherein a branch tube 
is.secured around a window in the wa8 of the tUbe 
which window is located between said single 
groove in said one half of the tube and an acfacent 
groove of said set of fbur groGwes at said oppostte 
side of the tube. 



7. The fddaWe tube of any preceding daim wherein 
the toldabie tube is a well tubiriar wtuch is insertable 
in a contracted shape into the weO and expandable so 
downhde intoa sutkstantiany cylindrical shape. 



that the branch tube is positioned at the entrance of 
the branch well near the branchpdnt 

9. The fbldable tube of daim 1 wherein the tUbe is 
made of steel. 

ia The foldable tube of daim 1 wherein the tube is 
made of a plastic material. 

t1. A method of ptadng a foldable tube accoiding to 
daim 1 in a tubular cavity, the method oomprising 
inserting the tube folded in its contracted shape into 
the cavity, unfolding the tube into its substantially 
cylindrical shape at a seleded location within the 
cavity and secLdng the tube witNn the cavity. 

12. The method of daim 11 wherein the tiA)e com- 
prises at least one set of four gnxives acoonfing to 
daim 3 which grooves define a delta- or U-ehaped 
recess when the tube is inserted into the cavity and 
a tubular container containing a sealing agent is 
arranged within said recess when the IU>e is 
inserted into the cavity, which container is 
squeezed and breaks open as a result of the 
uifdding of the tube within the cavity and sealing 
igent is released into the annular space between 
the unfblded tube and the wall of the cavity, which 
seaSng agent is then allowed to aeate an annUar 
seal between the unfolded tube and the cavity wan. 

13. The niethod of daim 11 wherein the tite is 
uifolded by inserting a seaKng plug at one end of 
thetU)e and pumping a high pressure fluid into the 
other end of the tube. 



8. The Ibldable tube of daim 6 wherein the tube is a 
weO casing at a branchpoint in an underground wen 
and the biandi tube forms part of a well casing or 55 
Rner in a wea branch, and the tube is insertaUe in a 
contracted shape into the well and expandable 
downhde into a substantially cyfindrical shape such 
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Fig.3. 




Fig.4. 




7 



EP0952306A1 




8 



EP0 952 306A1 




EP0952 306A1 



EuropMo Pstent 
OfRoi 



EUROPEAN SEARCH REPORT 



EP 98 30 3147 



DOCUMErirS considered to BE RELEVANT 




Caiigory 


Ouaoncil6oeunmtwtt\ Indieattorv wtwf9 appropflato. 
of raisvafit passAQM 


Ralavant 
todaim 


ciASttncA'noN OP IMC 

APKCA1I0N OMjCU) 


X 
X 


US 3 648 89S A (STRAZDINS ATIS) 14 March 
1972 

* the whole document * 

♦ figures 13,14 * 

US 3 508 587 A (NAUCH HANS A) 28 April 

1970 

• the whole document « 

♦ figures 3.5,11 ♦ 


1-3,9,10 
1.2 


E21B43/10 

E21B29/10 

F16L11/12 

F16L55/165 

F16L9/12 


X 


US 5 224 796 A (ZEMAN DAVID) 6 July 1993 

♦ the whole docunent « 

♦ figures 2,3 ♦ 


1.2 




A 


US 3 811 633 A (CUMNINGS A ET AL) 21 May 
1974 

♦ the whole document * 


1,11 




A 


US 3 358 760 A (L. BLAGG) 19 Deceniber 1967 

♦ the whole document * 

♦ figure 5 • 


1.11 








TECWOCAL RBJIS 
SEAICMEO iMXiJl) 


A 


EP 0 397 875 A (TATARSKY 6NI I PI 
NEFTYANOI PR) 22 November 1990 
« the whole document ♦ 
♦ figures 4,5 ♦ 


1,11 


E21B 
F16L 


A 


US 3 489 220 A (KINLEY KYRON H) 13 January 
1970 

« the whole document * 
♦ figures 1,2,6,7 ♦ 


1.11 




TM pretem seaich report has bMn dramm up lor al claims 







THE HAGUE 



DM al«anpMMfltffw Mweh 

7 September 1998 



Schouten, A 



CATEOORY OF CITEO DOCUMENTS 



Y : pwtaiartr i«>Mi« t oentfratf wM 

daowyt at l h» taint cMigofir 
A : ttdVMloQteif bacfc^oti^ 

On — — - — 
p: 



T : ttwory or pftne^ uMtafiyfeig ttw bmnoon 
E : •«tor pitoft doeuTMnl, bia piMihwIaa or 

0 : docMWtH dl»d m fhm Mty ft tt V x i 
L : dooimnl dtod tor omar fMton* 



a : nwntiM el Iht MfM p«M« tamly. oomvantfng 



BEST AVAILABLE COPY 



